In summated multifiber responses, the addition of NaCl at relatively weak concentrations enhanced the effect of HCl solutions. The effect of NaCl of a fixed concentration varied with varying concentrations of HCl, yielding a shift of the response-HCl concentration curve toward a lower concentration range. The enhancing effect of NaCl depended also on its own concentration. The response at a fixed HCl concentration increased as the concentration of NaCl was raised. At high concentrations of NaCl, however, the response did not increase with a rise in the concentration of NaCl in spite of the fact that a rapid increase of the response to plain NaCl solutions was observed at that concentration range.
Some fibers were found that did not respond to NaCl but responded to mixtures of NaCl and HCl with higher impulse frequencies than to acid solutions alone.
Other fibers, though responding well to NaCl, showed only a poor response to mixtures of NaCl and HCl. These fibers did not respond at all to plain acid solutions. The effects of NaBr, NaClO4, NaI, NaNO3, NaSCN, Na2SO4, KCl, LiCl, NH4Cl, RbCl, choline chloride, CaCl2, MgCl2, and MgSO4 added to HCl solutions on the summated response were also studied. All of these salts except MgSO4 and Na2SO4 enhanced the response to HCl about equally. The sulphate appeared to have a depressant effect. These results suggest that the enhancement of the response to HCl by NaCl and other salts may be related to the activity of the acid receptor rather than the salt receptor. In addition, the results with NaCl suggest the presence of salt receptors whose responses to NaCl are depressed in the presence of HCl or at a low pH.
The stimulating effects of H2SO4, HCl, and HNO3 were compared by recording the responses from multifiber strands: H2SO4 was found to be less effective than the other two monobasic acids over the pH range used.
It has been shown by several investigators that the responses of gustatory receptors to salt and other stimuli are affected by pH. The responses of the blowfly, fleshfly, and rat to NaCl were depressed reversibly as the pH of the stimulus solution was lowered below about 3.0 or raised above 10 (GILLARY, 1966a; OGAWA, 1969; SHIRAISHI and MORITA, 1969) . The activity of sugar and quinine receptors was also affected by low or high pH values (OGAWA, 1969; SHIRAISHI and MORITA, 1969) . BEIDLER (1967) has suggested that the response of the acid receptor may be facilitated by the presence of salt. NAKAGAWA (1969) has studied the effects of certain chloride salts on the responses of toad tongue chemoreceptors to organic and inorganic acids by recording the responses from the whole glossopharyngeal nerve. He has shown that monovalent chlorides facilitate the responses to HCl and to other inorganic and organic acids. Similar enhancement of the response to acid has lately been observed with various sodium salts of different monovalent anions and with chloride salts of different monovalent and divalent cations in the carp (HIDAKA, 1970) .
In the present study, an attempt was made to elucidate further the nature of the enhancement by salt of the response to acid in the carp palatal chemoreceptors.
MATERIAL AND METHODS
A total of 46 carp, Cyprinus carpio, weighing 0.7 to 1.2 kg were used in the present experiments.
The procedure for obtaining the palatine nerve preparation was largely the same as that described by KONISHI and ZOTTERMAN (1961) . The fish was decapitated and the medulla oblongata was destoryed. The bundle of glossopharyngeal nerves innervating the anterior lateral part of the palatal organ, running close to the anterior margin of the palatal cartilage, was used. The nerve bundle was placed on a couple of platinum electrodes and connected to an R-C-coupled preamplifier, which fed into an electronic integrating circuit (cf. BEIDLER, 1953), a DC main amplifier and a pen recorder (Model WI-180, Nihon Kohden & Co.). The impulse discharge of single fibers was recorded from small stands with one or a few functionally intact fibers, using a cotton wick electrode (MORITA et al., 1957) . Summated responses to test solutions were compared with each other by measuring them at their maximum amplitude.
About 2 ml of the test solutions was applied over the surface of the palatal organ. The organ was washed with tap water after each application of test solutions. The interval between stimulations was usually 3-5 min. 
RESULTS
1. Response to a mixture of HCl and NaCl a. Whole-nerve response. As described in a preliminary report (HIDAKA, 1970) , the addition to HCl of NaCl at relatively weak concentrations resulted in an enhancement of the response of the carp palatal chemoreceptors. Figure 1 shows a typical example of the summated responses recorded from the entire nerve that the enhancing effect increases with the concentration of NaCl, the responseconcentration curve attaining a maximum magnitude at about 0.063 M. Above this molarity, however, the response does not increase but keeps the same magnitude up to 0.5 M, though the response to the plain NaCl solution rapidly increases in that concentration range. This means that either the enhancing effect of NaCl decreases as the concentration of NaCl is raised beyond 0.063 M or the response to NaC1 is depressed by the presence of HCl or at a low pH. It can also be seen in the figure that the magnitude of the maximum response to the mixed stimulus is much higher than the algebraic sum of the responses to the plain acid solution (indicated by a horizontal broken line) and to 0.5 M NaCl. Such a large magnitude may not be expected from the response-concentration curve for NaCl (HIDA-KA, unpublished observations) if it is assumed that the enhancement is related to the salt receptor and not to the acid receptor. b. Single-unit responses. Many fibers were found to respond to HCl. However, as might be expected on the basis of the single-fiber analysis of KONISHI and ZOTTERMAN (1961) in the carp, most of these fibers also responded more or less to NaCl. Figure 4 shows an experiment on a preparation containing two intact fibers that responded well to HCl but only poorly to NaCl. It is seen in the figure that the impulses produced by the mixtures of 0.05 M NaCl and 0.001 or 0.0025 M HCl are higher in frequency than those produced by plain acid solutions. These units, however, did not respond to 0.5 M NaCl, as shown in the lower trace in the figure. Even 1.0 M NaCl did not elicit any impulse in these units. Table 1 summarizes the results obtained from five units in four carp, which responded to HC1 but did not respond to 0.5 M NaCl. The number of impulses per second in the five units for the mixture is higher in total than that for the plain acid solution , which agrees with the above observation with multifiber preparations. In two other preparations, single units were isolated which responded well to NaCl but only poorly to HCl. Responses from one of these are shown in Fig. 5 . This preparation contained another fiber that responded to HCl. Thus, the activity of the two different units is shown together in the records. It is seen that the responses of the salt-sensitive unit (smaller spikes) to 0.2 M or higher concentrations of NaCl were markedly depressed by the presence of the HCl, whereas the acid- sensitive unit (larger spikes) responded vigorously to the mixtures containing 0.0025 M HCl and 0.05 M or higher concentrations of NaCl, though it did not respond to 0.0025 M HCl at all. The impulse frequency of the acid-sensitive unit in response to the mixed stimulus containing 0.5 M NaCl is much lower than to the one containing 0.05 M NaCl. It is difficult at the present moment to decide whether such a depression of response is intrinsic to the acid-sensitive unit, as suggested by results such as those shown in Fig. 3 . Also, whether the response to NaCl at 0.05 M or below might be affected by HCl could not be determined because of the low sensitivity of the carp salt receptor (see Fig. 3 ). In the other salt-sensitive unit isolated, addition of 0.00l M HCl to 0.5 M NaCl depressed the response; impulse frequency in response to 0.5 M NaCl dropped from l6 to 6 per second on addition of HCl. This unit did not respond at all to 0.00l M HCl but responded to 0.0l M HCl at the rate of l impulse per second.
Effects of salts added to HCl solution
Similar enhancement of the response to HCl was also observed with serveral other sodium salts having different monovalent anions and with chloride salts of different monovalent or divalent cations (HIDAKA, l970). A summary of results obtained from five entire nerve bundles in five carp is shown in Table 2 . The table compares the summated responses to 0.05 M sodium salts with monovalent anions and to their mixture with 0.001 M HCl. The enhancing effects of perchlorate and nitrate were weaker, in four preparations out of the five, than those of the bromide or chloride, though the differences were slight. The same type of experiment was performed also for NaI and NaSCN, using two preparations for each. These two salts were similar to NaCl in their effectiveness. The results of a similar experiment on chloride salts with monovalent or divalent cations, presented in Table 3 , show again no marked differences between different cations ; MgSO4 and Na2SO4 failed to enhance the response to HCl. Figure 6 illustrates the effects of adding 0.05 M MgCl2, MgSO4, NaCl, or 0.025 M MgCl2 in HCl of varying concentrations. As described previously (HIDAKA, l970), the pH values of the mixed solutions containing 0.05 M MgSO4 or Na2SO4 were found to be slightly higher than those of the corresponding plain HCl solutions, because of the buffering action of SO4--ions. Therefore, in the figure, the magnitudes of the responses to the mixtures containing MgSO4, are plotted against hydrogen ion concentrations (broken line) as well as against the initial HCl concentrations (continuous line), using the same scale for the abscissa. (The pH values of the mixed stimuli containing the other salts were not much different from those of the corresponding plain HCl solutions. Therefore, the magnitudes of the responses to them were not plotted against hydrogen ion concentration in the figure. ) While addition to the HCl solution of MgCl2 at 0.025 M or 0.05 M or NaCl at 0.05 M enhanced the response over the concentration range of HCl (or hydrogen ion) from about 0.0005 to 0.005 M, no comparable facilitation was observed by the addition of 0.05 M MgSO4 over the same concentration range of hydrogen ions. Figure 7 illustrates the effects of 0.05 M MgSO4, Na2SO4, and NaCl in HCl solutions of varying concentrations. The broken lines in the figure represent the responseconcentration relations for the mixed stimuli containing MgSO4 or Na2SO4 plotted against hydrogen ion concentration. It is seen that the mixtures containing Na2SO4 were less effective than plain HCl solutions at hydrogen ion concentrations between about 0.0025 and 0.005 M, whereas the mixtures containing MgSO4 were as effective as plain HCl solutions over the same concentration range. The same type of experiment on four other preparations also showed depression by Na2SO4 of the response to HCl.
Stimulating effects of inorganic acids
The depression shown above, induced by the addition of the sulphate to an HCl solution, seems to suggest that H2SO4 might be weaker in stimulating effect than HCl or the other inorganic acids whose sodium salts were used in the experiments. In order to ascertain this, the stimulating effect of H2SO4 was studied by comparing it with those of other inorganic acids. Figure 8 shows an example of the summated responses to HCl, HNO3, and H2SO4, as a function of pH. As seen in the figure, H2SO4 was less effective than HCl or HNO3 over the pH range from about 3.0 to l.8, whereas the latter two were very similar to each other in their effectiveness over the pH range used. The same type of experiment was carried out with two other preparations, similar differences being observed between H2SO4 and either HCl or HNO3.
DISCUSSION
The results described above show that all the salts tested, except the sulphate, have an enhancing effect on the responses of the carp palatal chemoreceptors to HCl. The results with the mixed stimuli shown in Figs. 2 and 3 and in Fig. l in a preliminary report (HIDAKA, l970) suggest that the enhancement may be related to the activity of the acid receptor rather than the salt receptor. It is evident from Fig. 4 and Table l that there exist acid-sensitive units whose response to HCl is potentiated by the presence of NaCl. The finding that all the salts, except the sulphate, produced a similar degree of enhancement (Tables 2 and 3) does not coincide with our knowledge of the response of salt receptors; the stimulating effects of different salts on salt receptors are different, especially among those with different cations (BEIDLER, l953; BEIDLER et al., l955; FISHMAN, l957; KUSANO, l 960; TATEDA, l96l; YAMASHITA, l963; GILLARY, l966b; SATO et al., l969) . This further supports the hypothesis that it is the response of the acid receptor that is potentiated by salt. The response-concentration curve for the mixed stimulus shown in Fig. 3 , however, indicates the complexity of the response at a high concentration. The response to NaCl may perhaps be depressed by the presence of HCl or at a low pH, for it was found in single-or few-fiber preparations that there exist pH-dependent salt-sensitive units whose response was depressed by the presence of HCl at a relatively weak concentration. This situation in the carp is similar to that found in the rat (OGAWA, l969) , where the multifiber responses of the chorda tympani to NaCl decreased as the pH of the salt solutions was lowered below pH 4 by adding HCl. Similar depressions of the response to NaCl have also been reported in insects (GILLARY, l966a; SHIRAISHI and MORITA, l969) .
NAKAGAWA (l969) studied in toad tongue chemoreceptors the effects of several chloride salts added to acid solutions by recording the responses from the whole glossopharyngeal nerve bundle. He has reported that the responses to HCl, H2SO4, acetic acid, citric acid, and glutamic acid solutions were enhanced by chloride salts with ammonium, potassium, sodium, and calcium ions. He also carried out tests on adaptation to the mixed solution of HCl and NaCl and to plain HCl and NaCl solutions. He has suggested the possible facilitation of acid response by monovalent chloride. These results with the monovalent chlorides and perhaps also with CaCl2 are in agreement with the present results on the carp. The results shown in Table 3 further suggest that not only the sodium salts with monovalent cations but, also the chloride salts with divalent cations such as CaCl2 and MgCl2 effectively facilitate the response to HCl, at least in the carp.
The results with MgSO4 and Na2SO4 shown in Figs. 6 and 7 indicate that anions are important for the enhancement of the response to HCl. The same applies also to inorganic acids (Fig. 8) . In respect to acid receptor stimulation, BEIDLER (l967) has hypothesized that the binding of anions to the receptor membrane decreases the net positive surface charge of the membrane, facilitating the binding of cations (H+) to the receptor sites. Going along with his hypothesis, the results with the sodium salts shown in Table 2 might imply that all the anions, except the SO4--ion, are similar in their affinity to the receptor membrane, while the affinity of SO4--might be exceptionally weak. SATO et al. (l969) studied the effects of various salts on the water responses of cat tongue chemoreceptors and found that the depression produced by different salts varied, depending on the constituent anions, and that sulphate salts such as (NH4)2SO4, K2SO4, and Na2SO4 were weak in depressant effect. NOMURA et al. (l970) studied the effects of various salts on the responses of frog tongue chemoreceptors to calcium ions, reporting that NaBr, NaI, NaNO3, NaSCN, etc., had a marked depressant effect on the response to calcium, whereas the effect of Na2SO4 was weak. Although these phenomena observed in the cat and frog are different in category from that observed in the present experiments, it is worth noting that SO4-ions are in a special position in both species of animals. However, there seem to be some differences between species in sensitivity to acids, for it has been reported in the rat that 0.0022 M H2SO4 was as effective as 0.005 M HCl for the response in the chorda tympani (BEIDLER, l967), whereas in the carp H2SO4 was less effective than HCl over the pH range used (Fig. 8) .
